gine, the fourth of five asparagine residues in the amino tion, 4,5 and by the activation of the dopaminergic reward terminal, extracellular domain of the opioid receptor.
system by both alcohol and opiates. 6 In addition, the While the amino terminus of the rat MOR1 protein has murine opioid receptor locus, Oprm, is implicated as been shown not to be necessary for ligand binding or the major quantitative trait locus (QTL) affecting the difligand-mediated inhibition of forskolin-stimulated ferent levels of morphine consumption between two cAMP accumulation, 16, 17 substitution of this phylogeninbred mouse strains that also exhibit differences in etically conserved asparagine might be expected to alcohol and cocaine consumption. 7, 8 Detection of genaffect protein transport and expression level at the cell etic variation affecting OPRM1 expression or opioid surface due to changes in glycosylation. [18] [19] [20] Increased receptor function would be an important step towards opioid receptor radioligand binding after chronic understanding the origins of inter-individual variation in response to opioid receptor ligands and in diseases of naloxone treatment is not associated with an increase substance dependence. [9] [10] [11] [12] We directly sequenced the in OPRM1 mRNA, 21 suggesting that another regulatory human opioid receptor locus, OPRM1, [13] [14] [15] to detect mechanism is responsible for the increased binding. dence (drug disorder) alone without alcohol depenanalysis of three population samples suggests, however that the negative result may not be due to a lack of dence was discarded in this sample because the n was 2. In the SAI sample, the same two tests were used, and power. The three samples are large enough to have a power of 80% to detect small (0.1) to medium (0.3) a sufficient number of drug disorder patients without alcohol dependence was available (n = 21) to include effect sizes at a nominal significance level of P = 0.05,
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where the effect size of the variant ALDH2 * 2 allele is this category in the second analysis. Also in the SAI sample, sib-pair linkage analysis was used to test for 0.32 for DSM-III alcohol dependence. 28 At this effect size, all our samples have complete power to detect association between genotype and alcohol dependence and drug disorder diagnoses (Table 2) . No significant association of OPRM1 variation to alcohol dependence. These results do not rule out a relationship between association or linkage between OPRM1 alleles, OPRM1 genotype or OPRM1 haplotype (data not shown) to any OPRM1 alleles and alcohol dependence, but do suggest that the effect on alcohol dependence, if it exists, is disorder category was observed in the three population samples.
less than 10% of the liability. Other phenotypes related to the normal and diseaseHuman and animal studies implicate the opioid system in both initial sensitivity or response to alcohol associated functions of the opioid system could be tested for association with the OPRM1 genetic variation and in the reinforcing effects of alcohol, which have been attributed to activation of the opioid and dopadiscovered and characterized in this study. The lack of morphine-mediated analgesia, reward, physical depenmine systems.
1,2,5 The lack of an alcohol preference or sensitivity QTL near the Oprm locus on proximal chrodence and withdrawal symptoms in Oprm knock-out mice which show no accompanying changes in ␦ or mosome 10q25 and the presence of QTLs at other loci [23] [24] [25] suggest that differences in consumption of opioid receptor number or distribution suggests that it is the opioid receptor which is of primary imporalcohol in the C57BL and DBA mouse strains may be affected by loci other than Oprm. The results of this tance in the pharmacology of opiate addiction.
29,30
Methadone 31 and naltrexone 32 have been used to treat study suggest that a similar conclusion could be drawn for humans, that is, that the OPRM1 locus does not opiate addiction and alcoholism 33, 34 and patients who exhibit differential response to opiate pharmacotheraffect alcohol consumption, where a diagnosis of alcohol dependence is a measure of increased intake of apy constitute groups within which to look for association of OPRM1 to behavior. The recent discovery of alcohol.
The diseases of alcohol and drug dependence are endomorphins as powerful opioid-specific ligands 35 suggests that there are multiple endogenous opioid complex disorders involving genes, the effects of drugs of abuse on normal physiology and variable host ligand-receptor systems regulating opioid system tone. Thus the function of neuroendocrine systems regulated response to drug exposure, 2 suggesting that the effect of any single gene may be small. To detect subtle genetic by the opioid system, such as the HPA axis and nociception, may be affected by genetic varation at effects on such complex diseases, large samples of either unrelated individuals or sib-pairs may need to OPRM1. Association analysis with such phenotypes may contribute towards understanding the role of the be analyzed using non-parametric approaches. 26 This opioid receptor in vulnerability to addiction, (Ser147Cys) transversion was genotyped using forward primer, 5′CTCCTAGATACACCAAGATG3′, composed response to opioid receptor pharmacotherapy and to endogenous ligands.
of the last seven bases of IVS1 41 and bases +285→+297 and reverse primer, 5′TGAACATGTTATAGTAA TCTCTG3′, bases +462→ 441, where a C was substiMethods tuted for an A at position −3 to create a PstI site, with an annealing temperature of 54°C, to amplify a 185-bp Subject ascertainment and diagnostic assessment The US Caucasian population sample is composed of PCR product, yielding 24 and 161 bp fragments upon PstI digestion of the variant PCR product. The 100 unrelated individuals (42 males, 58 females, mean age = 43.6 ± 14.0 years) recruited through newspaper IVS2+691C/G transversion was genotyped using forward primer, 5′GCTCTGGTCAAGGCTAAGAAT3′, advertisements for an EEG study as described. 36 This sample included five individuals with alcohol depenbases IVS2+670→IVS2+690 where a G was substituted for an A at position −4 to create a HinfI site, and reverse dence alone, three with drug abuse or dependence (drug abuse) alone, 15 with both alcohol dependence primer, 5′GATCATCAGTCCATAGCACACGG3′, bases +774→+751, with an annealing temperature of 64°C, to and drug abuse, and 77 with no alcoholism or drug abuse diagnoses. The Finnish sample was made up of amplify a 235-bp fragment, yielding 215 and 20 bp fragments upon HinfI digestion of the variant PCR product. 324 males, composed of 165 male criminal offenders (mean age = 31.6 ± 8.1 years) undergoing forensic psyHaplotype information derived from direct sequencing and PCR-RFLP genotyping of bases at positions +151, chiatric examination in the Psychiatry Department of the University of Helsinki and 159 male volunteers +183, +621, +699, +700, +1313, +1655 and +1700 suggests that these sequencing discrepancies observed (mean age = 31.7 ± 9.7 years) recruited through newspaper advertisements as described. 37, 38 This sample among the three OPRM1 cDNA sequences found in Genbank [13] [14] [15] and the sequence obtained in this study included 88 individuals with alcohol dependence alone, two with drug abuse alone, 52 individuals with are sequencing artifacts or rare haplotypes not observed in our sample, as noted in Genbank both alcohol dependence and drug abuse, and 182 with no drug abuse or dependence diagnoses. The American Accessions AF024515, AF024516 and AF024517. Indian population sample is composed of 367 individuals (155 male and 212 female, mean age = 36.5 Ϯ 13.2
Statistical analysis years) from a single Southwestern tribe. Individuals
Association analyses between OPRM1 alleles, genowere identified from three very large genealogies for a types and haplotypes and DSM-III-R diagnoses of alcofamily-based study on alcoholism and psychiatric dishol dependence and drug abuse and/or dependence orders as described. 39 This sample included 116 with were performed using contingency table analysis. Sibalcohol dependence diagnoses alone, 21 individuals pair linkage analyses in the Southwest American with drug abuse alone, 122 individuals with both alcoIndian population between OPRM1 genotype and hol dependence and drug abuse, and 108 with no alco-DSM-III-R diagnoses of alcohol dependence and drug hol or drug abuse diagnoses. All subjects provided abuse and/or dependence diagnoses were performed informed consent and all studies were approved by the using the SAGE program. 42 appropriate IRBs as described. 36-39 All subjects were interviewed using SADS-L or SCID and DSM-III-R diagAcknowledgements noses were determined from interview data by two psychiatrists, 36 by a clinical social worker under the superThe authors thank L Akhtar, R Aragon and M Radel for vision of a research psychiatrist 37, 38 or by a clinical technical assistance, MA Enoch, M Eggert and R Robin social worker and a clinical psychologist. 39 for assistance with ascertainment of clinical populations, A Malhotra for advice on power analysis and Genotyping the editor and two referees for suggestions on a earlier PCR reactions and direct sequencing and restriction of version of this manuscript. PCR products was performed on DNA extracted from lymphoblastoid cell lines using sequencing primers References derived from cDNA sequence and intronic sequence as depicted in Figure 1 and as described. 40 The +17 C/T digestion of the variant PCR product. The +440C/G
